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Most evidence supporting eNOS involvement in vascular function was obtained in isolated vessels, or in whole animals, using pharmacological methods. However, the actual importance of microvascular NO production in the control of flow and solute exchange in vivo is unclear. The hamster cheek pouch is an experimental model allowing direct in vivo visualization of a microcirculatory bed with minimal surgical trauma. Several studies have used short-term local NOS inhibition to assess the participation of NO on vascular homeostasis in this tissue. For instance, there are conflicting reports on the role of NO in the regulation of venular permeability that NO mediates (15, 22) or does not mediate (9) the increase in macromolecular efflux induced by inflammatory agents. However, microvascular NO production has seldom been measured, and its importance in the maintenance of microvascular conductance and small solute exchange has not been characterized. In addition, the regional distribution of the eNOS source for NO release is not well established.
In cultured endothelial cells derived from large vessels, eNOS is largely found in the microsomal fraction, in an inhibitory association with caveolin (17) , and it was proposed that cytosolic eNOS may represent the active enzyme pool (21) . Therefore, it is important to explore the subcellular distribution of microvascular eNOS in an intact tissue, preserving the dynamic environment and the variety of stimuli acting on endothelial cells in vivo.
The aims of this study were 1) to characterize vascular and subcellular location of eNOS in the hamster cheek pouch microcirculation, 2) to directly quantify microvascular NO release in vivo, and 3) to characterize its importance on microvessel diameters and exchangeable flow. In a parallel study, we report the changes produced in these variables upon stimulation with acetylcholine, an endothelium-dependent vasodi-lator (Figueroa XF, González DR, Martinez AD, Ayala S, Duran WN, and Boric MP, unpublished observations).
METHODS
Animal and drug sources. Adult, 100-to 120-g male golden Syrian hamsters (Mesocricetus aureatus) were obtained from our university animal facilities. All studies were conducted following institutional and international guidelines for the welfare of animals in compliance with the Helsinki Declaration and the "Guiding Principles in the Care and Use of Laboratory Animals" endorsed by the American Physiological Society. Unless specified, all biochemical reagents and inhibitors were purchased from Sigma Chemical (St. Louis, MO) and chemicals of analytic grade were purchased from E. Merck, (Darmstaad, Germany). Monoclonal and polyclonal primary anti-human eNOS antibodies, and human endothelial cell standard lysate were purchased from Transduction Labs (Lexington, KY). Horseradish peroxidase-conjugated goat anti-rabbit and anti-mouse secondary antibodies were obtained from Pierce (Rockford, IL).
Preparation of the Cheek Pouch for Intravital Microscopy
The hamsters were anesthetized with pentobarbital sodium (60 mg/kg ip). The trachea, left carotid artery, and left jugular vein were cannulated, and the right cheek pouch was prepared for intravital microscopy as previously described (4, 6) . A lucite plate and a fiber optic bundle were introduced through the mouth into the pouch to immobilize and to transilluminate the tissue. A skin incision was performed to expose the pouch, the avascular layer of connective tissue was cleared, and the observation chamber was placed on top of the pouch and secured to the skin. The hamster was placed on the stage of a Nikon Optiphot microscope and the cheek pouch was superfused with bicarbonate buffer of (in mM) 125 NaCl, 1.17 MgSO 4 , 2 CaCl 2 , and 20 NaHCO 3 (pH 7.4, 37°C) equilibrated with 95% N 2 -5% CO 2 at 1 ml/min. A peristaltic pump was used to move the superfusion solution into the observation chamber and out to a fraction collector. A glass cover slide was used to isolate the observation chamber from room air and to prevent optical disturbances. Drugs were applied topically without interrupting the superfusate flow, using a sideline near the observation chamber input, or dissolved in the superfusion medium when long application periods (Ͼ60 min) were needed.
Microvascular flow and conductance determinations. Once surgery was complete, a 45-min period was allowed for stabilization followed by an intravenous injection of a 0.2 ml saline bolus containing 2 ϫ 10 6 counts/min of sodium-22 radioisotope ( 22 NaCl, NEZ-081, New England Nuclear; Boston, MA), used as a highly diffusible tracer. Another 20-min period was allowed for equilibration of the radioactive tracer between the plasma and the extracellular compartment. The experiment was started by collecting the cheek pouch superfusate output every 2.5 min. Arterial carotid pressure was registered continually on a Grass polygraph. Duplicate 20-l arterial blood samples were taken approximately once every hour. Radioactivity of superfusate and plasma samples was determined in a Wallac-Turku gamma counter, and clearance of 22 Na was calculated by the [superfusate]-to-[plasma] radioactivity content ratio (4, 6) . In addition, the ratio of sodium clearance divided by mean arterial pressure was calculated at every sampling period as an index of relative vascular conductance (RVC). We have reported that changes in RVC correlated closely with changes in microvessel diameters induced by vasodilator (3) and vasoconstrictor agents (4, 6).
Vessel diameters. The microcirculatory network was examined with a ϫ10-LWD Leitz objective. At given intervals before, during, and after the exposure to the different drugs, a few selected fields were recorded on videotape by using a projection lens, a TV camera, and a VHS recorder. Vessel diameters were measured with a video caliper (Texas A&M) during playback at a magnification of ϫ900, with an accuracy of Ϯ0.5 m. Arterioles and venules were classified according to their branching order, assuming the largest arteriole or venule to be of first order and increasing one order each time a vessel divided into two of similar size. In the present study, A4 refers to arterioles 5-15 m in diameter; A3 refers to arterioles 16-30 m in diameter; A2 refers to arterioles 31-45 m in diameter; and A1 refers to arterioles 46-70 m in diameter, respectively. In the case of the venules, V4 corresponds to vessels 12-25 m in diameter, V3 refers to vessels 26-45 m in diameter, and V2 refers to venules 46-65 m diameter.
Determination of NO Production
In separate experiments, NO released to the superfusate was quantified with a NO analyzer (NOA, Sievers 280) that detects the specific chemiluminescence generated by the NOozone reaction with a threshold of 0.5-1.0 pmol. This method is the most sensitive and accurate for NO measurements available (1) . However, for a more efficient determination of NO production in vivo, we also measured nitrite, its first oxidized product (5) .
Use of a radioactive tracer was precluded in these experiments to avoid contaminating the equipment. Great care was taken in the preparation of buffers and sample handling. Only freshly obtained tridistilled water was used. No bubbles were allowed to enter the observation chamber during application of test substances, because they produced significant artifact readings. Samples were immediately sealed with parafilm to minimize exposure to room air and were measured within 6 h of collection (5) . A T connector was placed in the inlet line, immediately before the observation chamber to obtain background buffer samples every 10 min. The reduction chamber of the NO analyzer was filled with 8 ml of glacial acetic acid containing 100 mg of potassium iodide at room temperature. Fifty microliters of each sample was injected to this chamber to rapidly reduce nitrites to NO. The equipment detected the chemiluminescence of the newly formed NO gas. Calibration of the equipment was performed daily using standards of 10-1,000 nM sodium nitrite. Background readings were subtracted. Results are expressed as the net concentration of NO plus nitrite (NO-nitrite) found in the superfusate output (pmol/ml), which equals NO production in the exposed tissue (pmol/min).
Identification of eNOS
Immunocytochemistry. The exposed cheek pouch was excised, submerged in embedding media (Histo-Prep), and immediately frozen in liquid nitrogen. Five-micrometer-thick tissue sections were obtained in a cryostat at Ϫ25°C and mounted on microscope slides using 1% silane A-174 as glue. Cuts were fixed with 70% ethanol at Ϫ20°C for 20 min and washed with Tris-saline 0.05 M, pH 7.3 (3ϫ for 5 min), followed by 20 min incubation in 3% H 2 O 2 in methanol to block endogenous peroxidases. Slices were washed; incubated in 5 mM EDTA, 1% fish gelatin, 0.05% Nonidet P-40, 1% IgG free-BSA, and 1% goat serum for 30 min at 4°C to saturate unspecific binding sites; and then incubated with rabbit polyclonal primary anti-eNOS antibody 1:200 overnight at 4°C. After being washed with Tris-saline buffer, the slices were incubated 1 h at room temperature with a antirabbit secondary peroxidase-conjugated antibody 1:100, washed 3ϫ for 5 min, and developed by incubating 20 min at room temperature with 0.1% 3,3Ј-diaminobenzidine and 0.1% H 2 O 2 in the dark. The slides were washed again and dehydrated in graded ethanol concentrations (50-100%) followed by xylol and were covered with a cover slide. Slices subjected to a similar procedure, but without primary antibody, were used as controls for the specificity of staining.
Western blot. The exposed cheek pouch area (80-100 mg) was excised and transferred to 500 l of cold antiproteaselysis buffer (1 g/ml aprotinin, 1 mM benzamidine, 10 g/ml leupeptin, 1 mM phenylmethylsulfonyl fluoride, 200 g/ml soybean trypsin inhibitor, 5 mM EGTA, 100 mM Tris, pH 7.4). The tissue was homogenized with an Ultraturrax for 15 s on ice. The homogenate was centrifuged at 10,000 g during 30 min at 4°C. The pellet was discarded, and the supernatant was ultracentrifuged at 100,000 g for 90 min (4°C) to separate the microsomal (pellet) and cytosolic (supernatant) fractions. The pellet was resuspended in 100 l of 100 mM of Tris, pH 7.4 containing 1% SDS. After protein content was determined by the Bradford method, both fractions were separated by SDS-PAGE (7.5% gel, 70 g per lane). Prestained molecular weight markers (Bio-Rad) and human endothelial cell lysate were used as standards and positive control, respectively. Proteins were blotted onto a nitrocellulose membrane (Life Technologies), which was blocked overnight with 5% nonfat milk in Tris pH 7.4 at 4°C. This was followed by incubation with a monoclonal primary anti-eNOS antibody 1:2,500 for 3 h at room temperature and 1 h of incubation with anti-mouse secondary antibody, and developed by a 15-min incubation with 0.01% 3,3Ј-diaminobenzidine, 0.5% H 2 O 2 in the dark. Western blots were scanned and submitted to densitometric analysis using NIH image software. To estimate the proportion of eNOS present in the microsomal and cytosolic fractions, for each animal, the apparent concentration of the enzyme as determined by Western blot (densitometric units/g protein) was multiplied by the corresponding total protein content of the fraction.
Experimental Protocols
Microvascular dynamics. A first set of experiments was performed to characterize the effect of inhibiting local endogenous NO synthesis on microvascular blood flow and vessel diameters. All experiments started with a 30-min baseline collection period.
To assess the effects of a short-term NOS inhibition, 10 M N -nitro-L-arginine (L-NNA) was applied for 30 min, followed by 60 min of drug washout. This L-NNA concentration was chosen based on the inhibitory efficacy of this analog as reported in other preparations (13, 19) . The period of application was chosen based on our previous experience with vasoactive drugs and the response delays in our experimental system (3, 4, 6) .
In a second series, we evaluated the effects of long-term eNOS inhibition, by applying 1, 10, or 30 M L-NNA for 120 min. This protocol was used to explore the most effective L-NNA concentration.
The effects of L-arginine (L-Arg), the endogenous substrate for eNOS (20) , were studied in a third set of experiments. First, we tested for the possible direct action 1 mM L-Arg, applied for 60 min. Second, we assessed whether L-Arg counteracted the effects of L-NNA. To do this, the cheek pouch was superfused with 1 mM L-Arg throughout the experiment, and either 10 M (n ϭ 7 cheek pouches) or 30 M L-NNA (n ϭ 5 cheek pouches) was applied for 30 min.
Direct determination of microvascular NO release.
From the results of the previous experiments, three groups of hamsters were used to study NO release under control conditions and during eNOS inhibition. Ten hamsters were superfused for 30 min with normal buffer to measure baseline NO release. Thereafter, five hamsters were kept as time controls (90 min), whereas the other five hamsters were superfused with 30 M L-NNA over 90 min. A third group of five hamsters was superfused with 1 mM L-Arg during the whole experiment (120 min), and 30 M L-NNA was applied during 90 min after a 30-min baseline, as in the second group.
Analysis
Results are shown as means Ϯ SE. Paired Student's t-test and two-way ANOVA were used to assess significance of variations along time within groups. Comparisons between groups were made using unpaired Student's t-test. Significance of differences was set at 0.05. To perform a regression analysis on the net effect of L-NNA inhibition on RVC, and to calculate absolute baseline NO release, we included data from similarly treated hamsters of a parallel study aimed to elucidate the effects of acetylcholine on NO production and eNOS distribution (Figueroa et al., unpublished observation). The added data correspond to basal and L-NNA application periods, before any stimulation with other drugs.
RESULTS

Identification and Distribution of eNOS
Immunocytochemical analysis revealed positive staining for eNOS in the endothelial layer of the hamster cheek pouch microvessels (Fig. 1) . A clear and homogeneous staining was visible in arterioles and venules of all different branching orders but was less prominent in venular endothelium. Whereas postcapillary venules show a clear eNOS reaction, only occasionally was a faint labeling observed in capillary-sized vessels. No stain was detected in tissues not incubated with anti-eNOS antibody, confirming the specificity of labeling.
The presence of eNOS was further confirmed by Western blot analysis of cheek pouch homogenates (Fig. 2) . Subcellular fraction and densitometric analysis of seven paired microsomal-cytosolic samples demonstrated that eNOS was about eight times more concentrated in the microsomal pool. After correcting by the total protein content of each homogenate (1.29 Ϯ 0.17 mg of cytosolic fraction and 0.35 Ϯ 0.04 mg of microsomal fraction), we calculated that 67 Ϯ 7% of total detectable cheek pouch eNOS was membrane bound (Fig. 2) .
Functional Relevance of Endogenous NO Production on Microvascular Blood Flow
Total exchangeable plasma flow of the superfused cheek pouch, as assessed by sodium clearance show small fluctuations in control conditions (Fig. 3) . These fluctuations were likely due to changes in systemic perfusion pressure, because the relative vascular conductance (RVC) index was stable in the control period (Figs. 3 and 4), confirming previous reports (3, 4, 6 ).
Topical application of 10 M L-NNA over 30 min produced a slow and persistent decay in sodium clearance and RVC, without affecting systemic arterial pressure (Fig. 3) . Whereas RVC reduction reached significance at 20 min of L-NNA application, sodium clearance was significantly reduced only after the drug superfusion period ended. Sodium clearance and RVC continued to decrease during the first 15 min of drug washout, reaching a 25-30% reduction compared with baseline, and slowly returned toward baseline in the next 60-75 min. However, even after 90 min of drug washout, RVC was not completely recovered (not shown). The reductions in sodium clearance and RVC were paralleled by constriction of arterioles and venules of every branching order (Fig. 3) . In this particular experimental series, there was a transient constriction of A2 (Ϫ12.4 Ϯ 4.4%) and A4 arterioles (Ϫ5.7 Ϯ 3.6%) 2-5 min after the onset of L-NNA application, which may explain the tendency for a decrease in sodium clearance and RVC observed at that moment. Small arterioles (A4, A3) showed a faster constriction compared with A1 and A2, which presented a longer delay. All arteriolar orders were consistently constricted at the end of L-NNA application. The maximal constriction, expressed as percentage of control diameter was 14.4 Ϯ 5.4% in A1, 8.5 Ϯ 4.4% in A2, 10.8 Ϯ 3.8% in A3, and 13.1 Ϯ 3.2% in A4. Compared with arterioles, venules of all branching orders showed a proportionally stronger constriction. The maximal diameter reduction in venules was 20.0 Ϯ 4.5% in V4, 18.6 Ϯ 3.6% in V3, and 25.3 Ϯ 6.7% in V2. The time course of venular constriction was similar to the changes in sodium clearance and RVC.
The same parallel pattern among sodium clearance, RVC, and vessel diameters was observed for all drug applications, and therefore, only RVC changes are depicted and used for analysis.
Sustained superfusion with 1 M L-NNA produced no effect on RVC (n ϭ 3, data not shown). In contrast, superfusion with 10 and 30 M L-NNA produced a steady reduction of microvascular flow (Fig. 4) [10 M, F (23, 138) ϭ 5.29, P Ͻ 5 ϫ 10
Ϫ10
; 30 M, F (23, 138) ϭ 9.50, P Ͻ 1 ϫ 10 Ϫ18 ]. The slope of RVC reduction was proportional to the concentration of inhibitor; however, in both cases, RVC stabilized at ϳ60% of baseline (after 60-70 min with 10 M and 45-60 min with 30 M).
The net reduction in RVC attained after 45 min of superfusion with 10 or 30 M L-NNA was directly Fig. 3 . Effect of local NOS inhibition on microvascular flow and vessel diameters shown by simultaneous determination of plasma flow (Na Clearance), relative vascular conductance (RVC), mean arterial pressure (MAP), and arteriolar and venular diameters in the hamster cheek pouch microcirculation (means Ϯ SE). The number of vessels in each branching order is shown in parenthesis. N -nitro-Larginine (L-NNA) was applied in the superfusion medium during a 30-min period (horizontal bars). Shaded symbols denote significant differences relative to the average basal value (P Ͻ 0.05, paired t-test). Open symbols denote no significant difference from the average baseline value. A1, arterioles 46-70 m in diameter; A2, arterioles 31-45 m in diameter; V3, venules 12-25 m in diameter. proportional to the initial RVC value. As expected, the slope for the regression curve was steeper with 30 M L-NNA than with 10 M L-NNA (Fig. 4) . This result is consistent with the idea that tissues with higher NO production are more vasodilated, and therefore, they show a larger change after NOS blockade. However, it may be possible that variations in basal flow correspond to differences in tissue thickness and/or vessel density among hamsters. In that case, thicker or more vascularized tissues may present larger actual flow reductions at equal degrees of vasoconstriction. To correct for this possibility, an additional correlation analysis was performed between the fractional reduction in RVC induced by L-NNA (expressed as percentage of basal RVC) versus the absolute baseline RVC (in nl ⅐ min Ϫ1 ⅐ mmHg Ϫ1 ). This correlation was also significant (r ϭ 0.385, n ϭ 31 hamsters, P Ͻ 0.05), confirming that tissues with higher blood flow responded to L-NNA with a higher degree of vasoconstriction.
The vasocontractile effects of L-NNA were completely prevented when this inhibitor was applied in the presence of 1 mM L-Arg (Fig. 5) . The sole superfusion with this concentration of eNOS substrate tended to increase RVC; however, the changes were significant only in one of three groups of hamsters. Topical L-Arg did not modify systemic arterial pressure in any group. A control 60-min application of 1 mM L-Arg did not produce significant changes in RVC [ at every sampling interval (Fig. 6) . The net baseline microvascular NO production ranged between 30 and 100 pmol/min. In control preparations, average NO output remained around 50-60 pmol/min during the 100-min observation period but showed significant fluctuations [F (18, 72) ]. By pooling different series, we reduced NO release to 8.6 Ϯ 2.6 pmol/min after 45-70 min L-NNA application (n ϭ 9 hamster cheek pouches). Similar to RVC determinations, the effect of 30 M L-NNA on NO release was fully prevented by superfusion with 1 mM L-Arg [ Fig. 6  bottom, F (18, 90) ϭ 1.08 NS] . There was no statistical difference in basal NO release between control and L-Arg-treated tissues.
We calculated that locally produced NO largely accounts for the NO-nitrite recovered in the superfusate, whereas the contribution of circulating NO-nitrites is only ϳ7%. The basal NO release detected in all hamsters studied was 60.1 Ϯ 5.1 pmol/min (n ϭ 35 hamsters). Circulating plasma nitrite concentration was 1.4 Ϯ 0.37 M (n ϭ 9). Assuming that sodium and nitrite have similar vascular distribution and permeability, we used the average baseline sodium clearance (2.95 Ϯ 0.27 l/min, n ϭ 29 hamsters) to estimate that the maximal nitrite delivery from plasma to the interstitium is 4.13 pmol/min (2.95 l/min ϫ 1.4 M, Fig. 7) .
To confirm the above assumption, cheek pouch nitrite clearance was actually determined in a few hamsters that infused intravenously with sodium nitrite to step-increase their plasma nitrite concentration 10-50 times above baseline. This maneuver did not affect systemic arterial pressure or microvessel diameters, but caused a rapid rise in superfusate nitrite content proportional to the change in plasma concentration. After baseline NO-nitrite release was subtracted, a nitrite clearance of ϳ3 pmol/min was determined (n ϭ 4).
DISCUSSION
In this study, by the combined use of intravital microscopy with NO chemiluminescence, clearance of isotopic tracer, and NOS blockade, we quantified local microvascular NO production and characterized its relative importance on the control of vessel diameters and exchangeable flow in the hamster cheek pouch. We found that this tissue produces ϳ1 pmol NO⅐ min Ϫ1 ⅐ mg wet wt
Ϫ1
. Microvascular NO production is directly correlated with vascular conductance and accounts for about one-third to one-half of resting blood flow. In addition, by using Western blot we found that under resting conditions in vivo microvascular eNOS is mainly membrane bound, although a relevant fraction (30-35%) is also found in the cytosolic compartment.
Microvascular Exchangeable Flow
We used sodium clearance as a measure of actual plasma flow through exchange vessels in the superfused tissue. This method allowed us to continuously assess microvascular flow with a good time resolution, based on the following considerations. First, because sodium permeability-surface product across the microvessel wall is much larger than blood flow, sodium extraction approaches 100% during a single passage through the exposed-superfused tissue. Second, back diffusion of the tracer into the blood compartment is negligible because the interstitium is constantly washed at a rate of 1 ml/min, which is two orders of magnitude larger than blood flow. Therefore, sodium clearance is mainly a flow-limited process equivalent to actual plasma flow. The 2.5-min sampling interval reasonably accounts for tracer turnover from plasma, through the interstitial and superfusion chamber compartments, as demonstrated by the fact that if microcirculation is suddenly arrested by killing the animal with intravenous KCl, sodium clearance decays exponentially with a half-time of 2.0-2.5 min. The half-time for washout of the superfusion chamber is 1.5 min; thus sodium washout from microvessels and the interstitial space takes ϳ1 min.
A more stable parameter, compared with sodium clearance, is obtained when fluctuations in arterial pressure are corrected by calculating RVC. We reported (4, 6) that microvessel diameters and RVC remain stable for up to 4 h in control buffer-superfused tissues.
Detection of NO
This study is the first to characterize NO production in the hamster microcirculation in vivo. We successfully adapted the chemiluminescence method to continuously detect NO release into the superfusate buffer. Because of the short half-life of authentic NO in biological media, an efficient assessment of NO production is met by measuring its oxidized products nitrites and/or nitrates (1). Chemiluminescence detection requires the reduction of these species back to NO. In this study, we used mild reducing conditions to reduce only nitrites to NO, because we have established that this procedure minimizes background noise and prevents interference from chemicals containing amino groups (5) . Therefore, our readings represent the sum of NO-nitrite released directly toward the adventitia of microvessels, plus diffusion of NO and nitrite from the lumen to the interstitial space (Fig. 7) . In our experimental conditions, the absence of oxygen in the superfusion buffer minimized NO oxidation to nitrate. Nevertheless, our measurement underestimates the total amount of NO produced because we discard the NO fraction further oxidized to nitrate in the tissue. After this work was submitted, similar levels of basal NO production in this tissue (ϳ50 pmol/min) have been reported measuring superfusate chemiluminescence during continuous superfusion (8) or stop-flow conditions (16) .
We discarded the idea that NO-nitrite produced in other tissues of the hamster significantly contribute to the amount detected in the cheek pouch superfusate because plasma NO-nitrite content was rather low. The assumption that total plasma-borne nitrite recovered in the superfusate is equal to the product of sodium clearance and plasma nitrite concentration is validated by the fact that nitrite and sodium clearances were similar (ϳ3 l/min). This analysis rules out the possibility that the variations in our NO measurements actually were the consequence of changes in microvascular flow.
The local enzymatic origin of the NO-nitrite found in the superfusate is further confirmed by the observation that topical L-NNA almost abrogated the measured NO signal (Fig. 6 ) whereas it reduced blood flow by only one-third to one-half of control (Figs. 3 and 4) . It is reasonable to assume that most microvascular NO comes from endothelial cells as the product of eNOS activity. However, we cannot discard a possible contribution from other sources, like neuronal NOS reported in hamster microvascular smooth muscle cells (24) . Fig. 7 . Schematic representation of NO production and release in the hamster cheek pouch microcirculation. Total plasma flow through the exposed cheek pouch area is ϳ3 l/min, as estimated from plasma clearance of radioactive sodium. According to the circulating nitrite concentration, this plasma flow brings in ϳ4 pmol/min of nitrites. The total NO-nitrite content in the superfusate output, measured by chemiluminescence using mild reducing conditions, is ϳ60 pmol/min. Therefore, the local measurable production of NO amounts to ϳ 56 pmol/min. The fraction of NO that is further oxidized into nitrates, for instance in the presence of hemoglobin in the blood compartment, is undetected.
The use of specific antagonists of neuronal NOS may clarify this point.
Distribution of eNOS in the Hamster Cheek Pouch
By using cryostat and peroxidase-antiperoxidase immunocytochemistry techniques, we detected the presence of eNOS in the endothelium of arterioles and also in venules of all branching orders. These results agree with a recent report demonstrating the presence of eNOS in endothelium throughout the hamster vascular tree using similar methods (24) and with a study done in parallel using fixed hamster cheek pouch tissue (8) . With the methods used, we did not clearly distinguish cheek pouch capillaries, precluding to definitively resolve the presence of eNOS in these vessels. Likewise, Segal et al. (24) did not find eNOS in cheek pouch capillaries, although they reported detection of eNOS in hamster skeletal muscle capillaries.
Our subcellular distribution analysis revealed that in vivo two-thirds of hamster cheek pouch eNOS is found in the microsomal fraction. This value is similar to that reported in freshly isolated endothelial cells (11) and is somehow lower than the estimated membrane-associated enzyme fraction reported in perfused rat lungs (23) . Interestingly, the in vivo membrane-bound fraction of eNOS reported here is considerably lower than values reported for cultured endothelial cells (ϳ85-90%), either naive (27) or transfected (25) . As studied in cultured cells derived from large vessels, translocation of eNOS to the cytosol may represent activation of eNOS (10, 21) . In this regard, the sizable fraction of cytosolic eNOS found in intact microvessels in vivo may reflect the effect of constant physiological stimuli favoring eNOS release from the membrane in the microcirculation. In support of this notion, we found that microsomal eNOS content is significantly reduced after stimulation with acetylcholine in the hamster cheek pouch in vivo (Figueroa et al., unpublished data).
Functional Relevance of Microvascular NO
Topical inhibition of NOS slowly reduced NO release (Fig. 6 ) in parallel with significant reductions in microvascular flow and arteriolar and venular diameter (Figs.  3 and 4) . This was expected because we confirmed the presence of eNOS in venules and arterioles, and Bohlen (2) reported that both types of vessels produce NO in response to physiological stimulation. Compared with arterioles, venules showed a more intense constriction (Fig. 3) despite a less marked eNOS expression (Fig. 1) . This enhanced venular constriction may involve active contraction and also passive effects due to a reduced blood volume entering the venules after an increase in upstream resistance. A similar finding was observed after application of vasoconstrictors such as endothelin (4) , neuropeptide Y (NPY), and norepinephrine (6) . In all these studies, the time course and magnitude of changes in RVC or sodium clearance correlated best with changes in diameter of large venules (V3-V2), likely reflecting total blood flow converge into these vessels.
We found a significant correlation between basal RVC and the net effect of NOS inhibition on either the absolute or fractional RVC values. A first interpretation of this correlation is that those tissues with higher blood flow present higher NO production and respond to L-NNA with a higher degree of vasoconstriction. Although we did not directly assess this assumption because we could not measure NO release and RVC simultaneously, the correlation on the results with L-NNA emphasizes the importance of local NO production in the maintenance of microvascular blood flow. Tissues with low RVC (Ͻ15 nl ⅐ min Ϫ1 ⅐ mmHg
Ϫ1
) did not constrict in response to L-NNA application, and low RVC levels were observed in most pouches after prolonged L-NNA application, when NO release was negligible. Furthermore, we found a very good match among the time course of reductions in NO production (Fig. 6) , microvessel diameters, and RVC (Figs. 3 and  4) induced by NOS blockade with L-NNA.
Our results with L-Arg clearly show that the vasoconstrictor effect of L-NNA in the cheek pouch is due to inhibition of NO production. An important pharmacokinetic barrier for L-NNA action was evidenced because local application of NOS antagonists slowly (30-45 min) reduced NO production, and the recovery process of NOS blockade was even slower. Therefore, care has to be taken when interpreting results obtained during short exposures to this inhibitory agent.
The observation that L-Arg in some groups caused a significant rise in RVC may be related to the length of application, or to a lower basal RVC value (Fig. 5) . In this way, L-Arg may induce dilation in the more contracted tissues, in a reciprocal relationship as established for L-NNA effects (Fig. 4) . Nevertheless, because superfusion with 1 mM L-Arg did not cause a consistent increase in RVC (Fig. 5 ) and did not increase NO release (Fig. 6) , it seems that substrate availability is not a step-limiting process for NO production in this tissue.
Considering all other flow-control mechanisms present in the living tissue, it is noteworthy that the sole inhibition of microvascular NO production elicits this major reduction in exchangeable flow. Because drugs were applied topically, the participation of systemic regulatory mechanisms is unlikely; however, we can assume that local myogenic and metabolic compensatory mechanisms were fully acting in our experimental preparation (14). In our experience, the hamster cheek pouch microvessels respond to vasoconstrictors, such as norepinephrine and NPY, with distal vasodilation and reactive hyperemia (6) . In contrast, L-NNAinduced vasoconstriction was long lasting, affecting all branching orders without signs of downstream vasodilation, resembling the slowly developing and long-lasting vasoconstriction induced by endothelin (4) . In addition, norepinephrine and NPY-induced vasoconstriction are stronger and more prolonged after NOS inhibition (5a, 6), further confirming the importance of microvascular NO production as the major factor contributing to blood flow control in this tissue.
